D2VICES AND METHODS FOR REDUCING SCAR TISSUE FORMATION 



FIELD OF USE 

This invention is in the field of devices and methods used to prevent the formation of scar tissue 
that often occurs as a result of a surgical procedure. 

BACKGROUND OF THE INVENTION 
Post-operative scar tissue formation, adhesions and blood vessel narrowing are major problems 
following abdominal, neurological, vascular or other types of surgery. For example, narrowing 
of a blood vessel at the site of an anastamosis is often caused by the unwanted proliferation of 
scar tissue at that location. 

U.S. Patent Application Serial Number 09/772,693 by R. E. Fischell, et al, filed on January 1, 
2001 describes various means and methods to reduce scar tissue formation resulting from a 
surgical procedure. However, this patent application does not describe a cytostatic anti- 
proliferative surgical wrap that is placed around some human tissue where there is a risk of 
formation of scar tissue. Although several companies have developed products (such as sheets of 
biodegradable mesh, gels, foams and barrier membranes of various materials) that can be placed 
between these structures to reduce the tissue growth, none are entirely effective. 

U.S. Patent. No. 5,795,286 describes the use of a beta emitting radioisotope placed onto a sheet 
of material to reduce scar tissue formation by means of irradiation of the local tissue. Although 
radioisotopes may be effective at preventing cellular proliferation associated with adhesions, the 
limited shelf life and safety issues associated with radioisotopes make them less than ideal for 
this purpose. 



Recent publications (Transcatheter Cardiovascular Therapeutics 200! Abstracts) report a greatly 
reduced cellular proliferation and reduced restenosis witliii angioplasty injured arteries when 
vascular stents used for recannalization are coated with a cytostatic anti -proliferative drug cuch 
as Rapamycin (sirolmus), Actmomyctn-D or Taxol. However, these drags have never been used 
for reducing cellular proliferation at the site of a surgical procedure. 

N In U. S. Patent No. 6,063,396, P. J. Kelleher describes the i se of highly toxic, antimitotic drugs 

p such as ricin, anthracycline, daunomycin, mitomycin C and doxorubin for reducing scar trssue 

fll formation and for woand healing. However, he makes no mention of any cytostatic anti- 

\l proliferative drug such as sirolimus or similar acting compounds. 

fll 

ll In U - S - Paten t No. 5,981,568 Kunz et al describe the use of certain cytostatic agents that are 

Uh 

Q used t0 ^bit or reduce restenosis of an artery that is treated from inside that artery. However, 

HI . 

Kunz et al does not address the problem of restenosis at an anastamosis which is the surgical 
connection of two blood vessels. Kunz et al also fails to consider the drag sirolimus or its 
functional analogs as the drag to be applied for reducing cellular proliferation that can result in 
scar tissue formation or adhesions. 



SUMMARY OF THE INVENTION 

One embodiment of this invention is a device consisting of cytostatic anti-proliferative drug 

impregnated into, coated onto or placed onto a material sheet or mesh designed to be placed 

generally around human tissue that has been surgically joined or surgically treated; the goal 

being the prevention of formation of excess post-operative scar tissue. A drag that is 
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impregnated into a suture or gauze-like material o: rlieet o- coated onto the .natsrial or joined to 
the material by adhesion and/or capillary action is defined herein as a drug "afcac_:ed ,v to a suture 
or mesh or sheet This suture, mesh or gauze onto which He drug is attached may be either a 
permanent implant or it may be biodegradable. Tne drug can be attached to an existing product 
such as the Jcbnson & Johnson SURGICEL™ absorbable hsmostat gauze-like sheet or a Vicryl 
mesh product. With a cytostatic antiproliferative d/ug such as sirclimus or its functional 
analogs which ha/e a known effect on proliferating cells, the drug released from the 
biodegradable mesh would decrease cellular proliferation and hence be a deterrent to the 
formation of excess scar tissue at the surgical site. 

It is also envfsioned that a cytostatic anti-proliferative drug could be attached to surgical suture 
material. This suture/drug combination could be used (for example) to join together two blood 
vessels; i.e., an anastomosis, with the attached drug causing a reduction in cellular proliferation 
in the vicinity where the sutures penetrate through the wall of the vessel. A suture material with a 
cytostatic, antiproliferative drug attached that decreases scar tissue formation would also be 
useful for sutures in the skin, particularly for plastic surgery. A very important application 
would be for sutures that are required for eye surgery where reduced scar tissue formation is very 
much needed. It should be understood that the suture material could be either soluble or 
insoluble and could be used for any application for which sutures are used. 

Still another embodiment of the present invention is a cytostatic aiti-proliferative drug coated 
onto a surgical staple thus reducing scar tissue around that staple, 

In addition to applying the cytostatic anti-proliferative drug at the surgical site by means of a 
device to which the cytostatic anti-proliferative drug is attached, it is also envisioned to apply the 



least one o^y, Tom the materiel onto whi',h they ars at^lie; . *i inscribing this invention, lie 
•jx of the terms "mesh" or "sheet" or "gel" shall rrean the same thirg (i.e., a material to which 
or into which a cytostatic drug is attached) ^nd these words wil! be used interchangeably. The 
present invention ide-illy utilizes those cytostatic drugs, such as sirclimus or Everolimus, that 
interfere with the initiation of mitosis by means of interaction with TOR prctein complex 
formation ana cyclin signaling. These drugs prevent the initiation of DNA replication by acting 
on cells in close proximity to the mesh fron: which the drug slowly elutes as very early cell cycle 
mitosis inhibitors that act at or before the S-phase of cellular mitosis. 

Thus it is an object of this invention to have a sheet of material that can be placed into or 
wrapped generally around some human tissue at the site of a surgical procedure, the material 
having a cytostatic anii-proliferative drug attached for reducing scar tissue formation at the site 
of the surgical procedure. 

Another object of this invention to have a sheet of material that can be wrapped around a blood 
vessel, a ureter, a bile duct, a fallopian tube, or any other vessel of the human body at the site of 
a surgically created anastamosis, the material having a cytostatic antiproliferative drug attached 
to reduce scar tissue formation tnat can result in a nairowing of the vessel or duct at the site of 
anastamosis. 

Still another object of this invention is to have a biodegradable sk'set of material or mesh suitable 
for placement between body tissues including an attached drag chat elutes slowly from the sheet 
of material to prevent cellular proliferation associated with postsurgical adhesions and/or scar 
tissue formation. 



Still anotrr^ sbiect of the invention is to bav; & 5u.Vxa ' material or surgical staple to which a 
cytostatic anti-proliferative drug is attached. 



Still another object of this invention is to have the cytostatic anti-proliferative drug be sirolimus 
or a functionally equivalent cytostatic and anti-inflammatory drug. 



Still another object of the invention is to employ a device placed into the body of a human 
subject, which device has an attached cytostatic anti-proliferative drag, plus using the same or a 



PI different cytostatic anti-proliferative drug as a medication to be applied systemically to the 



fit human subject from some time piior to a surgical procedure and/or for some time after that 
procedure in ordei to reduce excessive post-surgical scar tissue formation. 



m 

"f These and other objects and advantages of this invention will become obvious to a person of 

ask 

PI ordinary skill in this art upon reading of the detailed description of this invention including the 

rii 

associated drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 illustrates a sheet of material to which a cytostatic anti-proliferative drug has been 
attached; the sheet is formed so that it can be wrapped around or placed on or between human 
tissue at the site of a surgical procedure. 

FIG. 2 is an enlargement of the cross section of a single strand of the mesh where the drug is 
embedded within the strand. 
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FIG. 3 is an enlargement of the cross secticn of a singb etrand of the mesft where the drug is 
coated onto the strand. 

FIG. 4 is an enlargement of two strands of the mesh that have been dipped into a solution of a 
cytostatic anti-proliferative drug thereby attaching the drug to the strands oy adhesion and 
capillary action. 

FIG. 5 is a lateral cross section of cytostatic anti-proliferative surgical wrap placed around an 
end-to-end anastamosis of a vessel or duct. 

FIG. 6 is a layout view of the surgical wrap of FIG. 5. 

FIG. 7 is a plan view of an annular anti-proliferative sheet for applicat : on to anastamoses. 

FIG. 8 is a plan view of a annular anti-proliferative sheet for application to anastamoses, the 
interior of the annulus having slits to facilitate placement onto a connecting blood vessel. 

FIG. 9 is a cross section of cytostatic anti-proliferative surgical wrap placed at an aorta-vein graft 
anastamosis. 

FIG. 10 is a cross section of cytostatic anti-proliferative surgical wrap placed at the anastamosis 
of the internal mammary artery into the side of a coronary artery. 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 shows an absorbable mesh sheet 10 with mesh strands 12 and open spaces 11. The sheet 
10 is designed to be placed post-operatively into or around human tissue at the site of a surgical 
procedure. When placed at the site of a surgical procedure, the sheet 10 is designed to slowly 
elute a cytostatic drug so as to decrease the formation of scar tissue and to reduce the extent of 
adhesions. When placed generally around human tissue, the mesh 10 forms a cytostatic anti- 
proliferative surgical wrap. The mesh strands 12 can be made from oxidized regenerated 



cellulose or ^her biodegradable materials with the cytostatic ?nti-prohferative drug either 
embedded within the strands, coated onto the outer surfaces: of the strands or held onto the 
strands by adhesion or capillary action. Any of these possibilities will be described herein as the 
drug being attached to the mesh or attached to the strand of the mesh. 



FIG. 2 is an enlargement of a cross section of a single strand 12 of the mesh 10 in which the 
cytostatic anti-proliferative drug 14 is embedded within the strand 12. 

H 
£3 

O FIG - 3 is an enlargement of the cross section of a single strand 12 of the mesh where the 
ftf cytostatic anti-prolifeiative drug is placed into a coating 17 formed onto the exterior surface of 
\j the strand 12. The sirand 12 could be formed from either a biostable or biodegradable polymer 

* material. The material of the coating 17 is selected so that the drug that is placed into the coating 

fit 

17 will slowly elute into the human tissue at the site of a surgical procedure. To further adjust the 
D rate of Please of the drug into adjacent tissue, the coating 17 could be covered with an additional 

m 

coating (not shown). 



FIG. 4 is an enlargement of two adjacent strands 12 of the mesh 10 onto which a cytostatic anti- 
proliferative drug 18 is attached by means of adhesion and capillary action. 

The anti-proliferative drugs that are less suitable for tliis purpose include cytotoxic cancer drugs 

such as Taxol, Actinomycin-D, Alkeran, Cytoxan, Leukeran, Cis-platinum, BiCNU, Adriamycin, 

Doxorubicin, Cerubidine, Idamycin, Mithracin, Mutamycin, Fluorouracil, Methotrexate, 

Thoguanine, Toxotere, Etoposide, Vincristine, Irinotecan, Hycamptin, Matulane, Vumon, 

Hexalin, Hydroxyurea, Gemzar, Oncovin and Etophophos. The optimum drugs for this purpose 

do include cytostatic drugs such as sirolimus, anti-sense to c-myc (Resten-NG), tacrolimus 
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(FK506), Everolimus and any other analog of sirolimus including: SDZ-RAD, CCl-T?, 7--.pi- 
rapamycin, 7-thiomethyl-rapamycin, 7-epi-trimethoxyphenyl-rapamycin, V-epi-tliicmethyl- 
rapamycin, 7-demethoxy- rapamycin, 32-demethoxy, 2-desmethyl and proline. 



Although a mesh has been discussed herein, more generally, a cytostatic anti-proliferatlve drug 
can be made to be part of any sheet of material that is or is not biodegradable, as long as the 
sheet of material is biocompatible. In any case, this material should gradually release the 
cytostatic anti-proliferative drug into the surrounding surgically injured tissue over a period from 
as shoit as a day to as long as a few months. The rate of release being controlled by the type of 
material into which the drug is placed. It is also envisioned that a polymer coating could be 
placed over the drug to slo w the eluting of the drug into the surrounding tissue. Such polymer 
maierials ate well known in the field of slow release of medications, and one example is 
described in some detail in U. S. Patent No. 6,143,037 by S. Goldstein et al. The effect of the 
cytostatic anti-proliferative drug that is attached to at least part of the sheet of material will 
decrease cellular proliferation and therefore decrease the formation of scar tissue and/or 
adhesions. Most importantly, such a mesh 10 wrapped around a vascular anastamosis would 
reduce the narrowing of that vessel which often occurs at the site of the anastamosis. 

FIG. 5 is a cross section of a cytostatic anti-proliferative surgical wrap 21 shown wrapped around 
an anastamosis of a vessel or duct, the sutures 22 being used to join the cut ends of the vessel 
duct. The vessel or duct can include, but is not limited to, e ve in an artery, the joining of 
artificial graft to a vein or artery, a ureter, a urethra, a b ; .le duct, an ileum, a jejunum, a 
duodenum, a colon or a fallopian tube. Such a wrap cculd be .sed any where at a site where a 
surgical procedure has been done. For example, the surgical site might be at tbe site of operat 
on the backbone, nerves coming out of a verterbrae, the colon or ileum, etc. A cytostatic anti 



or 



an 



ions 



proliferate surgical wrap is defined herein a £ux_e- ike inesh ±at is wxppej generally 
around some human tissue at the site of a surgbal procedure. The wrapping could be somewhat 
more or less than a full 360-degree wrap around the tissue. To accommodate tissues having 
different diameters, the wrap material could bf sterilized in comparatively long lengths and the 
surgeon could it to the correct length at the time of surgery. This wrap can be sutured in place 
with either a conventional svture or with sutures to which a cytostatic antiproliferative drug has 
been attached. FIG. 6 shows such a wrap 21 having ends 23 and 24, which ends are typically 
sutured onto the vessel that has an anastomosis. 

FIG. 7 shows an annular sr^ec 25 having a cut 26, the sheet 25 would have an antiproliferative 
drug attached to it. The use of diis sheet 25 will be explained below with the assistance of FIGS. 
9 and 10. FIG. 8 shows a slit annular sheet 27 that has a cut 28 ?nd slits 29. This type of slit 
annular sheet is particularly well suited for being sutured onto the aorta at the site of an 
anastomosis with the sections between the slits 29 being placed and sutured onto the blood that is 
joined tc the aorta. 

FIG. 9 illustrates a typical anastamosis that occurs curing coronary bypass surgery; namely, a 

blood vessel (typically a vein from the patient's leg) surgically joined to the aorta by sutures 31 

and 32. FIG. 9 shows the surgical wrap 21 attached to the blood vessel by means of at least one 

suture 35. Also shown in FIG. 9 is an annular sheet 25 attached to the aorta by means of sutures 

33 and 34. The wrap 21 and sheet 25 would each have attached an antiproliferative ding as 

described herein to prevent the formation of scar tissue within the blood vessel and within the 

aorta. Such an anastamosis is a frequent site where the formation of scar tissue diminishes the 

flow of blood through the blood vessel. By the slow release of an antiproliferative drug attached 
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to the wrap ? t nd the sheet 25, there will be a ae^rcred incidence o: stenosis el ti:s sii^ of "he 
anastamosis. It should be understood, that either die wrap 2i or -he sheet 25, separately or 
together, could be used at this iype of anastamosis. 

FIG. 10 illustrates a typical coronary artery bypass graft of an artery or a vein to a coronary 
artery. FIG. 10 specifically shows an interna] mammary artery surgically joined to a coronary 
artery such as ihe left anterior descending, left circumflex or right main coronary artery. To 
avoid the formation of scar tissue inside the anast?mosis, a slit annular sheet 27 (as shown in 
FIG. 8) has been sutured to the coronary artery and the internal mammary artery by means of the 
sutures 36, 37, 38 and 39. It should be understood that the wrap 21 and/or the sheet 25 could also 
be applied at this site. Furthermore, the surgeor could cut away some of the sheet located 
between the slits 29 of the sheet 27 before attaching it by sutures to the site of the anastamosis. 
Although FIG. 9 shows an anastamosis between the internal mammary artery and a coronary 
artery, any suitable vein could also be used in place of the internal mammary artery. 

Another alternative embodiment of the invention is a suture material to which a cytostatic anti- 
proliferative drug is attached. A drawing of a highly enlarged cross section of such a suture 
would be shown by FIGS. 2 or 3. That is, FIG. 2 could be considered to be a cross section of a 
suture 12 into which is embedded a cytostatic antiproliferative drug 14. FIG. 3 could be 
considered a highly enlarged cross section of a suture 12 that is coated with a cytostatic anti- 
proliferative drug 17. FIG. 5 shows cytostatic anti-proliferative coated sutures 22 used to join a 
vascular anastamosis. The object of attaching a cytostatic anti- proliferative drug to a suture 
would be to reduce scar tissue formation where the suture penetrates through human tissue. This 
would be particularly true for the use a suture to join together two vessels, i. e., an anastamosis. 

This could be used for both soluble and insoluble suture materials. By using a suture to which a 
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cytostatic an*? -oroliferative drug is attached, a surge rm "'ould have a method for reducing scar 
tissue formation on the surface of the skin or anywhere else v/here sutures are used. A 
particularly valuable place for such sutures would be for eye or plastic surgery wheie scar tissue 
formation can compromise the result of a surgical procedure. Furthermore, a cytostatic anti- 
proliferative drug could be attached to any surgical sUple that is used to join together human 
tissue after a surgical procedure. It should be understood that sutures or staples with a cytostatic 
anti-proliferative agent attached could be used for joining any tissue of a human subject where it 
is desired to reduce cellular pro'iferation, i.e., the formation of adhesions or scar tissue. It should 
also be understood that any of the sutures 22, 31, 32, 33, 34, 35, 3f v 37, 38 or 39 as shown in 
FIGS. 5, 9 and 10 could be convention^ sutures or coild have a cytostatic drug as described 
herein attached to that suture. 

When cytostatic anti-proliferative sutures are used on the skin's surface, it should be understood 
that an ointment that includes a cytostatic anti-proliferative agent could be applied to the skin at 
the site of a surgical incision. The cytostatic anti-proliferative agent would be selected from the 
group that includes sirolimus, anti-sense to c-myc (Resten-NG), tacrolimus (FK506), Everolimus 
and any other analog of sirolimus including: SDZ-RAD, CCI-779, 7-epi-rapamycin, 7- 
thiomethyl-rapamycin, 7-epi-trimethoxyphenyl-rapamycin, 7-epi-thiomethyl- rapamycin, 7- 
demethoxy- rapamycin, 32-demethoxy, 2-desmethyl and proline. 

If an arterio-venus fistula shunt is placed into the arm of a dialysis patient, then the same type of 

cytostatic anti-proliferative agent(s) as described above could be attached to that shunt device to 

increase the time during which the associated vein in the arm would remain patent. Ideally, Hie 

cytostatic anti-proliferative drug could be placed throughout the inner surface of the shunt or it 

could be placed near the ends where the shunt attaches to the vein or to the artery. 
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For any of the applications described herein, the systemic application of one or more of the 
cytostatic anti-prcliferative agents that have been described could be used conjunctively to 
further minimize the creation of scar tissue. 

Although only the use of certain cytostatic anti-proliferadve agents has been discussed herein, it 
should be understood that other medications could be added to the cytostatic anti-proliferative 
drugs to provide an improved outcome for the patients. Specifically, for applications on the skin, 
an antiseptic, and/or anti-biotic, and/or analgesic, and/or anti-inflammatory agent could be added 
to a cytostatic anti-proliferative ointment to prevent infection and/or to decrease pain. These 
other agents could also be applied for any other use of the cytostatic anti-proliferative drugs that 
are described herein. It is further understood that any human subject in whom a cytostatic anti- 
proliferative agent is used plus at least one of the other drugs listed above could also benefit from 
the systemic administration of one or more cytostatic anti-proliferative agent that has been listed 
herein. 

Various other modifications, adaptations, and alternative designs are of course possible in light 
of the above teachings. Therefore, it should be understood at this time that within the scope of 
the appended claims, the invention can be practiced otherwise than as specifically described 
herein. 
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